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NONAQUEOUS ELECTROLYTE SECONDARY CELL 



TECHNICAL FIELD 



The present invention relates to an improvement of non aqueous 
electrolyte secondary cells having a positive electrode for reversibly 
intercalating- deintercalating lithium ions, a negative electrode for 
reversibly intercalating-deintercalating lithium ions, and a non-aqueous 
electrolyte. 



In recent years, there has been a rapid reduction in the size and weight 
of mobile information terminals such as mobile telephones, notebook 
personal computers, and PDA. Higher capacity is required of cells and 
batteries serving as the driving power sources of such terminals. 
Non-aqueous electrolyte secondary cells represented by lithium ion 
secondary cells have high energy density and high capacity and as such are 
widely used as the driving power sources of the mobile information 
terminals. 

Generally, non-aqueous electrolyte secondary cells use a positive 
electrode made of a lithium -containing transition metal compound oxide, a 
negative electrode made of carbon material such as graphite, and a 
non-aqueous electrolyte containing a lithium salt dissolved in a non-aqueous 
solvent. In such cells, there is migration of lithium ions between the 
positive electrode and the negative electrode during charge and discharge, 
and internal short circuiting caused by dendrite lithium does not occur 
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because no lithium exists in the state of metal. Such cells therefore excel 
in safety. 

However, such non-aqueous electrolyte secondary cells can be 
problematic in that overcharge causes an excessive release of lithium ions 
5 from the positive electrode and an excessive storage of the lithium ions in 
the negative electrode. This lowers the thermal stability of both electrodes, 
deteriorating cell characteristics. Also, an extremely unbalanced 
differential between the electrodes decomposes the electrolytic solution. 
The decomposition of the electrolyte causes, as well as gas generation, heat 

10 generation resulting from an increase in internal cell resistance. As a 
result, there can be a rapid increase in internal cell pressure, causing cell 
burst and thermal runaway. 

In view of these problems, the non-aqueous electrolyte secondary cells 
have incorporated therein a current-cutting device for cutting an 

15 overcharged current, upon generation of such a current. However, the 
current-cutting device operates to cut the current only upon increase in 
internal cell pressure, and there is a time-lag between abnormality to occur 
in the cell and the increase of internal cell pressure. Thus, it takes a long 
time before the current-cutting device operates, and there is a doubt as to 

20 ensuring security in the case of an intense temperature increase. 

Also in view of the problems, there have been proposed techniques of 
adding various additives in the non aqueous electrolyte. For instance, 
Japanese Unexamined Patent Publication No. H5- 36439 discloses a 
technique of adding a linear alkylbenzene derivative in a non-aqueous 

25 solvent in a non- aqueous electrolyte secondary cell having a current-cutting 
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device. With this technique, at the time of overcharge, the linear 
alkylbenzene derivative is dissolved to generate methanes that in turn 
consume an active oxygen detached from the positive electrode by reacting 
with the oxygen. Thus, this technique is aimed at preventing a 
5 temperature increase caused by the active oxygen. However, since the 
linear alkylbenzene derivative operates neither to cut an overcharged 
current nor to increase the response rate of the current-cutting device, the 
technique cannot ensure security in the case of an intense temperature 
increase. 

10 Japanese Unexamined Patent Publication No. H9- 106835 discloses a 

technique of preventing overcharge by using a non- aqueous solvent having 
added therein thiophene, biphenyl, furan, and the like. With this 
technique, the compounds thiophene, biphenyl, and furan polymerize at a 
potential higher than or equal to the highest cell operation voltage and form 

15 a highly resistive film on the electrode surfaces, thus trying to prevent 
overcharge. However, this technique is problematic in that the above 
compounds cause to lower power generation performance, and that since the 
compounds polymerize only under a high temperature of 120°C or higher 
the current cutting-off cannot be realized with the use of the compounds 

20 unless the cell temperature becomes high. 

On the other hand, the present inventors suggested in Japanese 
Unexamined Patent Publication No. 2001-15155 a technique of preventing 
overcharge by adding in a non- aqueous solvent a cycloalkylbenzene 
derivative or an alkylbenzene derivative having a tertiary carbon adjoining 

25 a phenyl group. These additives, suggested by the present inventors, are 
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chemically decomposed at the time of overcharge and generate a hydrogen 
gas, and the molecules polymerize together to form a film on the negative 
electrode surface. This film is stable and insoluble in the non-aqueous 
solvent and has high electrical resistance. With this technique, the 
5 hydrogen gas generated from the electrode and the highly resistive film 
operate to rapidly increase internal resistance and prevent overcharge, 
thereby ensuring security in the case of an intense temperature increase. 

When the non-aqueous solvent having added therein the above 
additives is used in a non-aqueous electrolyte secondary cell provided with 

10 the current-cutting device, the following advantageous effect is obtained in 
addition to the above effect. The hydrogen gas generated from the 
electrode increases internal cell pressure, thereby increasing the response 
rate of the current-cutting device. It should be noted, however, that these 
compounds are decomposed to form a highly resistive film on the active 

15 material surface of the negative electrode if the cell is used under a high 
temperature environment of 40°C to 60°C, regardless of the overcharged 
state. Thus, when using the cell under a high temperature environment, 
there is the problem of lowering cell performance such as cell cycle 
characteristics. 

20 

DISCLOSURE OF THE INVENTION 
In view of the foregoing and other problems, it is an object of the 
present invention to provide a non-aqueous electrolyte secondary cell that 
has good cycle characteristics and that is highly safe enough to prevent 
25 overcharge. It is another object of the present invention to provide, where 
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the current-cutting device is provided, a highly safe non-aqueous electrolyte 
secondary cell that increases the responsiveness of the current-cutting 
device. 

These objects of the present invention can be accomplished by the 
5 following structures. 

(A) A non-aqueous electrolyte secondary cell comprising a positive 
electrode for reversibly intercalating- deintercalating lithium ions, a 
negative electrode for reversibly intercalating-deintercalating lithium ions, 
and a non-aqueous electrolyte having a non-aqueous solvent and an 

10 electrolyte salt, wherein the non-aqueous solvent includes a 
cycloalkylbenzene derivative and an alkylbenzene having a quaternary 
carbon directly bonded to a benzene ring and not having a cycloalkyl group 
directly bonded to the benzene ring. 

In the cycloalkylbenzene derivative, a hydrogen atom bonded to a 

15 carbon (a carbon directly bonded to the benzene ring) in the cycloalkyl group 
has high reactivity, and as such this hydrogen is easy to be pulled out at the 
time of overcharge. Thus, at the time of overcharge the cycloalkylbenzene 
derivative is rapidly decomposed at the negative electrode to generate a 
hydrogen gas, and the cycloalkylbenzene derivative itself polymerizes to 

20 form a stable film on the negative electrode surface. This film has high 
electrical resistance. With this structure, since the generated hydrogen gas 
and the highly resistive film rapidly increase internal resistance, overcharge 
is restricted before an intense temperature increase. In a cell provided 
with a current-cutting device that is configured to operate upon increase in 

25 internal cell pressure, the hydrogen gas generated by the decomposition of 
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the cycloalkylbenzene derivative increases the internal cell pressure, 
thereby significantly increasing the reactivity of the current-cutting device. 

Further, the alkylbenzene derivative having a quaternary carbon 
directly bonded to the benzene ring and not having a cycloalkyl group 
5 directly bonded to the benzene ring (where necessary hereinafter referred to 
as an alkylbenzene derivative having a quaternary carbon directly bonded 
to the benzene ring) is adsorbed on the negative electrode surface to form a 
film so that the cycloalkylbenzene derivative would not come in direct 
contact with the negative electrode. This restricts the decomposition of the 

10 cycloalkylbenzene derivative under a high temperature, thereby preventing 
the deterioration of high temperature cycle characteristics. 

With the above described structure, a non- aqueous electrolyte 
secondary cell excellent in safety is realized without deteriorating high 
temperature cycle characteristics. 

15 (2) In the structure of (l) above, the non-aqueous solvent may further 

include an unsaturated cyclic carbonate derivative. 

This structure is more preferable in that the unsaturated cyclic 
carbonate derivative operates to restrict the decomposition of the 
cycloalkylbenzene derivative under a high temperature. This is because 

20 the alkylbenzene derivative having a quaternary carbon directly bonded to 
the benzene ring is adsorbed mainly on the basal surface of the carbon and 
the unsaturated cyclic carbonate is adsorbed on a negative electrode portion 
(mainly on the edge surface of the carbon) other than the basal surface. 
That is, the alkylbenzene derivative and the unsaturated cyclic carbonate 

25 cooperate in more effectively restricting the decomposition of the 
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cycloalkylbenzene derivative. 

It should be noted that an alkylbenzene derivative that has both the 
cycloalkyl group and the quaternary carbon directly bonded to the benzene 
ring mainly functions as a cycloalkylbenzene derivative, although the 
5 reason therefor is unknown. For this reason, this compound will be treated 
as a kind of the cycloalkylbenzene derivative. 

(3) In the structure of (l) or (2) above, the cycloalkylbenzene derivative 
may be contained in the non-aqueous solvent at a ratio of 0.5 to 5 parts by 
mass per 100 parts by mass of the non-aqueous solvent, and the 

10 alkylbenzene derivative having a quaternary carbon directly bonded to a 
benzene ring and not having a cycloalkyl group directly bonded to the 
benzene ring may be contained in the non-aqueous solvent at a ratio of 0.5 
to 10 parts by mass per 100 parts by mass of the non aqueous solvent. 

If the cycloalkylbenzene derivative is contained in the non-aqueous 

15 solvent at a ratio of less than 0.5 part by mass per 100 parts by mass of the 
non-aqueous solvent, the effect of preventing overcharge is insufficient. If 
the cycloalkylbenzene derivative is contained at a ratio of more than 5 parts 
by mass, the resistance increases because of the film formed on the negative 
electrode surface. In view of this, it is preferable that the 

20 cycloalkylbenzene derivative be contained in the non-aqueous solvent at a 
ratio of 0.5 to 5 parts by mass per 100 parts by mass of the non aqueous 
solvent. 

If the alkylbenzene derivative having a quaternary carbon directly 
bonded to the benzene ring is contained in the non-aqueous solvent at a 
25 ratio of less than 0.5 part by mass per 100 parts by mass of the non aqueous 
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solvent, the film adsorbed and formed on the negative electrode surface 
becomes coarse, failing to obtain sufficient high- temperature cycle 
characteristics. If the alkylbenzene derivative having a quaternary carbon 
directly bonded to the benzene ring is contained at a ratio of more than 10 
parts by mass, the film adsorbed and formed on the negative electrode 
surface becomes dense, thereby excessively increasing electrical resistance. 
In view of this, it is preferable that this compound be contained in the 
non-aqueous solvent at a ratio of 0.5 to 10 parts by mass per 100 parts by 
mass of the non-aqueous solvent. 

If the unsaturated cyclic carbonate derivative is contained in the 
non-aqueous solvent at a ratio of less than 0.5 part by mass per 100 parts by 
mass of the non-aqueous solvent, the film adsorbed and formed on the 
negative electrode surface becomes coarse, failing to obtain sufficient 
high-temperature cycle characteristics. If the unsaturated cyclic carbonate 
derivative is contained at a ratio of more than 10 parts by mass, the film 
adsorbed and formed on the negative electrode surface becomes dense, 
thereby excessively increasing electrical resistance. In view of this, it is 
preferable that the unsaturated cyclic carbonate derivative be contained in 
the non-aqueous solvent at a ratio of 0.5 to 10 parts by mass per 100 parts 
by mass of the non-aqueous solvent. 

While the cycloalkylbenzene derivative is not to be particularly 
specified, for instance, cyclopentylbenzene and cyclohexylbenzene can be 
conveniently used. 

While the alkylbenzene derivative having a quaternary carbon directly 
bonded to the benzene ring is not to be particularly specified, for instance, 
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tert-butylbenzene, tert-amylbenzene, and tert-hexylbenzene can be 
conveniently used. 

While the unsaturated cyclic carbonate derivative is not to be 
particularly specified, for instance, a compound having the structure shown 
5 as Chemical Formula 1 below can be conveniently used. 
[Chemical Formula] 



where Rl and R2 are independently a hydrogen atom or an alkyl group 
with six carbon atoms or less. 



Fig. 1 is an exploded perspective view of a non-aqueous electrolyte 
secondary cell according to the present invention. 

Fig. 2 is an enlarged half* sectional view of a sealing structure of the 
15 non aqueous electrolyte secondary cell according to the present invention. 

In the figures, reference numeral 1 refers to a positive electrode, 
reference numeral 2 to a negative electrode, 3 to a separator, 4 to an 
electrode assembly, 5 to an outer casing can, 6 to a sealing structure, 7 to a 
terminal cap, 8 to an explosion-proof valve, 9 to a sealing plate, 10 to a 
20 positive current collector tab, 11 to a negative current collector tab, 12 to a 
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PCT element, 13 to a gasket, 13a to an outer gasket, 13b to an inner gasket, 
14 and 15 to insulation plates, 16 to a caulking margin, 17 and 18 to gas 
releasing holes, 19 to inner portion of the sealing structure, and 20 to a cell 
body portion. 

5 

BEST MODE FOR CARRYING OUT THE INVENTION 
An embodiment of the present invention will be described with 
reference to the drawings. It should be noted that the present invention is 
not limited to the following embodiment; it will be appreciated that 

10 variations are possible without departing from the scope of the invention. 

Fig. 1 is an exploded perspective view of a non- aqueous electrolyte 
secondary cell according to the embodiment of the present invention. Fig. 2 
is an enlarged half-sectional view of a current-cutting sealing structure 
provided at the opening portion of the outer casing can shown in Fig. 1. 

15 Referring to Fig. 1, a lithium ion cell according to an example of the 

present invention has a cylindrical outer casing can 5 provided with a 
bottom. In the outer casing can 5 is encased a spiral-shaped electrode 
assembly 4 formed of a positive electrode 1 in which an active material layer 
mainly made of LiCo02 is formed on a substrate made of aluminum, a 

20 negative electrode 2 in which an active material layer mainly made of 
graphite is formed on a substrate made of copper, and a separator 3 that 
separates the electrodes 1 and 2. Further in the outer casing can 5 is 
injected an electrolytic solution in which LiPF6 is dissolved at a ratio of 1M 
(mole/liter) in a mixture solvent in which ethylene carbonate (EC) and 

25 diethyl carbonate (DEC) are mixed at a mass ratio of 4-6. To the opening 
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portion of the outer casing can 5, a sealing structure 6 is caulked and fixed 
with the intervention of an insulating outer gasket 13a made of 
polypropylene (PP). Thus, the cell is sealed with the sealing structure 6. 

The sealing structure 6, as shown in Fig. 2, has a sealing plate 9 made 
5 of an aluminum alloy. To the sealing plate 9, an explosion-proof valve 8 
that has an approximately hemisphere center portion and is made of an 
aluminum alloy, a PTC element 12, and a terminal cap 7 provided with a 
gas releasing hole 18 are caulked and fixed with the intervention of an 
insulating inner gasket 13b made of polypropylene (PP). The 

10 explosion-proof valve 8 delimits an inner portion 19 of the sealing structure 
and a cell body portion 20 (the portion in which the electrode assembly 4 is 
encased). In a normal state, the explosion-proof valve 8 is electrically 
connected to the sealing plate 9. When abnormality such as overcharge 
occurs and internal cell pressure exceeds a predetermined value, the valve 8 

15 is separated from the sealing plate 9 because of the internal cell pressure, 
thereby discontinuing the charge. 

To the outer casing can 5 is connected a negative current collector tab 
11 electrically connected to the negative electrode 2, and to the sealing plate 
9 of the sealing structure 6 is connected a positive current collector tab 10. 

20 Thus, chemical energy generated inside the cell is turned into electric 
energy that is brought outside. Near both top and bottom end portions of 
the electrode assembly 4 are disposed insulation plates 14 and 15 for 
preventing short circuiting inside the cell. 

In the above electrolyte solution are added a cycloalkylbenzene 

25 derivative and an alkylbenzene derivative having a quaternary carbon 
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directly bonded to the benzene ring and not having a eycloalkyl group 
directly bonded to the benzene ring. 

The negative electrode material used herein can be natural graphite, 
carbon black, coke, glass carbon, carbon fiber, or a carbonaceous substance 
such as a baked body of the foregoing, or a mixture of the carbonaceous 
substance and one or more substances selected from the group consisting of 
lithium, a lithium alloy, and a metal oxide capable of reversibly 
intercalating-deintercalating lithium. 

The positive electrode material used herein can be one of 
lithium -containing transition metal compound oxides, or a mixture of two or 
more of the foregoing. Examples include lithium cobalt oxide, lithium 
nickel oxide, lithium manganese oxide, lithium metal oxide, or an oxide in 
which a part of the transition metal contained in the above oxides is 
substituted by another element. 

The non-aqueous solvent used for the electrolytic solution can be a 
mixture of a high-permittivity solvent in which a lithium salt is highly 
soluble and a low viscose solvent. Examples of the high-permittivity 
solvent include ethylene carbonate, propylene carbonate, butylene carbonate, 
and Y'butyrolactone. Examples of the low- viscose solvent include diethyl 
carbonate, dimethyl carbonate, ethyl methyl carbonate, 1, 2-dimethoxy 
ethane, tetrahydrofuran, anisole, 1, 4dioxane, 4-methyl-2-pentanone, 
cyclohexanone, acetonitrile, propionitrile, dimethylformamide, sulfolane, 
methyl formate, ethyl formate, methyl acetate, ethyl acetate, propyl acetate, 
and ethyl propionate. The high-permittivity solvent and the lowviscose 
solvent each may be a mixture solvent of two or more of the foregoing. 
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The electrolyte salt used herein can be one compound or a mixture of 
two or more compounds selected from the group consisting of LiN(C2F5SC>2) 2, 
LiN(CF 3 S02) 2, LiC10 4 , LiPF 6 , and LiBF 4 . The amount of these electrolyte 
salts dissolved in the non aqueous solvent is preferably 0.5 to 2.0 mole/liter. 
5 The material of the sealing plate 9 is not limited to the above 

aluminum alloy; it is also possible to use metal aluminum, iron, stainless 
steel, or the like. 

The present invention will be further detailed with the use of 
Examples. 
10 (Example l) 

A non- aqueous electrolyte secondary cell according to Example 1 was 
prepared in the following manner. 

Ninety two parts by mass of a positive electrode active material made 
of lithium cobalt oxide (LiCo02), 5 parts by mass of a carbon-based 
15 conductivity agent made of acetylene black, 3 parts by mass of a binder 
made of polyvinylidene fluoride (PVdF), and N-methyl-2-pyrrolidone (NMP) 
were mixed, thus obtaining an active material slurry. 

This active material slurry was uniformly applied on both surfaces of a 
positive electrode substrate made of an aluminum foil of 20 |um thick by 
20 doctor blade, and this resulting article was dried while passed through a 
heated dryer. By this drying step, an organic solvent required in the step 
of preparing the slurry was removed. Subsequently, this electrode plate 
was rolled with a roll press machine so that the thickness of the electrode 
plate was made to 0.17 mm, and thus, the positive electrode 1 was prepared. 
25 Ninety five parts by mass of a negative electrode material made of 
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graphite, 5 parts by mass of a binder made of polyvinylidene fluoride (PVdF), 
and N-methyl-2-pyrrolidone (NMP) were mixed, thus obtaining an active 
material slurry. This material slurry was uniformly applied on both 
surfaces of a negative electrode substrate made of a copper foil of 20 (am 
5 thick by doctor blade, and this resulting article was dried while passed 
through a heated dryer. By this drying step, an organic solvent required in 
the step of preparing the slurry was removed. Subsequently, this electrode 
plate was rolled with a roll press machine so that the thickness of the 
electrode plate was made to 0.14 mm, and thus, the negative electrode 2 was 
10 prepared. 

Forty parts by mass of ethylene carbonate (EC) and 60 parts by mass 
of diethyl carbonate (DEC) were mixed to prepare a mixture solvent, and 
LiPF6 for serving as the electrolyte salt was dissolved in the mixture solvent 
at a concentration of 1M (mole/liter). In this mixture solvent were added 1 

15 part by mass of cyclohexylbenzene (CHB) and 2 parts by mass of 
tert-amylbenzene (t*AB). Thus, the electrolytic solution was prepared. 

Next, the electrode assembly 4 was prepared by winding the positive 
electrode 1 and the negative electrode 2 with the separator 3 (25 |am thick) 
made of a microporous film of polyethylene interposed therebetween. Then, 

20 the electrode assembly 4 was enclosed in the outer casing can 5 together 
with the insulation plate 14, and the negative current collector tab 11 was 
welded to the bottom of the outer casing can 5. 

Then, the explosion-proof valve 8, the PTC element 12, and the 
terminal cap 7 were caulked and fixed to the sealing plate 9 with the 

25 intervention of the inner gasket 13b. Thus, the inner portion 20 of the 
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sealing structure was sealed. Then, the positive current collector tab 10 
was welded to the sealing plate 6, and the electrolytic solution prepared 
above was injected into the outer casing can 5. Then, the sealing plate 6 
was caulked and fixed to the opening end portion of the outer casing can 5 
5 with the intervention of the outer gasket 13a. Thus, a cell Al of the 
present invention according to Example 1 was prepared. The nominal 
capacity of the cell thus prepared was 1500 mAh. 
(Example 2) 

A cell A2 of the present invention according to Example 2 was prepared 
10 in the same manner as Example 1 except that 0.5 part by mass of the 
cyclohexylbenzene was added. 
(Example 3) 

A cell A3 of the present invention according to Example 3 was prepared 
in the same manner as Example 1 except that 5 parts by mass of the 
15 cyclohexylbenzene was added. 
(Example 4) 

A cell A4 of the present invention according to Example 4 was prepared 
in the same manner as Example 1 except that 6 parts by mass of the 
cyclohexylbenzene was added. 
20 (Example 5) 

A cell A5 of the present invention according to Example 5 was prepared 
in the same manner as Example 1 except that 0.5 part by mass of the 
tert-amylbenzene was added. 

(Example 6) 

25 A cell A6 of the present invention according to Example 6 was prepared 
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in the same manner as Example 1 except that 10 parts by mass of the 
tertamylbenzene was added. 
(Example 7) 

A cell A7 of the present invention according to Example 7 was prepared 
in the same manner as Example 1 except that 12 parts by mass of the 
tert amylbenzene was added. 

(Example 8) 

A cell A8 of the present invention according to Example 8 was prepared 
in the same manner as Example 1 except that vinylene carbonate (VC) was 
added. 

(Example 9) 

A cell A9 of the present invention according to Example 9 was prepared 
in the same manner as Example 8 except that 0.5 part by mass of the 
cyclohexylbenzene was added. 

(Example 10) 

A cell A10 of the present invention according to Example 10 was 
prepared in the same manner as Example 8 except that 5 parts by mass of 
the cyclohexylbenzene was added. 

(Example 11) 

A cell All of the present invention according to Example 11 was 
prepared in the same manner as Example 8 except that 6 parts by mass of 
the cyclohexylbenzene was added. 

(Example 12) 

A cell A12 of the present invention according to Example 12 was 
prepared in the same manner as Example 8 except that 0.5 part by mass of 
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the tert-amylbenzene was added. 
(Example 13) 

A cell A13 of the present invention according to Example 13 was 
prepared in the same manner as Example 8 except that 10 parts by mass of 
5 the tert-amylbenzene was added. 
(Example 14) 

A cell A14 of the present invention according to Example 14 was 
prepared in the same manner as Example 8 except that 11 parts by mass of 
the tert-amylbenzene was added. 
10 (Comparative Example l) 

A comparison cell XI according to Comparative Example 1 was 
prepared in the same manner as Example 1 except that no additives were 
added. 

(Comparative Example 2) 
15 A comparison cell X2 according to Comparative Example 2 was 

prepared in the same manner as Example 1 except that the 
tert amylbenzene was not added. 

(Comparative Example 3) 

A comparison cell X3 according to Comparative Example 3 was 
20 prepared in the same manner as Example 1 except that the 
tert-amylbenzene was not added and 2 parts by mass of the 
cyclohexylbenzene was added. 
(Comparative Example 4) 

A comparison cell X4 according to Comparative Example 4 was 
25 prepared in the same manner as Example 1 except that the 
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cyclohexylbenzene was not added. 
(Comparative Example 5) 

A comparison cell X5 according to Comparative Example 5 was 
prepared in the same manner as Example 1 except that the 
cyclohexylbenzene was not added and 5 parts by mass of the 
tert-amylbenzene was added. 

(Comparative Example 6) 

A comparison cell X6 according to Comparative Example 6 was 
prepared in the same manner as Example 1 except that the 
cyclohexylbenzene and tert-amylbenzene were not added and 2 parts by 
mass of cumene was added. 

(Comparative Example 7) 

A comparison cell X7 according to Comparative Example 7 was 
prepared in the same manner as Example 1 except that the 
cyclohexylbenzene and tert-amylbenzene were not added and 2 parts by 
mass of trimellitic ester was added. 

(Comparative Example 8) 

A comparison cell X8 according to Comparative Example 8 was 
prepared in the same manner as Example 1 except that the 
cyclohexylbenzene and tert-amylbenzene were not added and 1 part by mass 
of vinylene carbonate was added. 

<Cell Characteristics Tests> 

With respect to the cells Al to A14 of the present invention and to the 
comparison cells XI to X8, overcharge tests and high temperature cycle tests 
were conducted under the following conditions. 
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<Overcharge Tests> 

Each cell was charged under the conditions of 1C (1500mA) and 4.2V 
for three hours and then overcharged with a charge current of 2C (3000mA). 
The time between the starting of overcharge and the operation of the 
5 current-cutting sealing structure was measured, and the temperature 
outside the cell was measured. 

<High Temperature Cycle Tests> 

Charge conditions- constant current, 1 C(l500 mA); constant voltage, 
4.2 V; discharge-ending current, 30 mA; and temperature, 60°C 
10 Discharge conditions 1 constant current, 1 C(1500 mA),* 

discharge-ending voltage, 2.75 V; and temperature, 60°C 

High temperature cycle characteristics capacity maintenance rate (%)• 
(300-cycle discharge cap acity/1- cycle discharge capacity) x 100 

Table 1 below lists the additives added, the amounts thereof, the time 
15 between the starting of overcharge and the operation of the current-cutting 
sealing structure, the highest temperature outside the cell, and the results 
of the high temperature cycle tests. 

20 



25 
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Table 1 



Cell 


Additives 


Current 
cutting 
time (min) 


Highest 
temperature 
(°C) 


High 
temperature 
cycle 
CDa.racLerisi.ics 

(%) 


Al 


1% CHB, 2% t-AB 


15 


74 


60 


A2 


0.5% CHB, 2% t-AB 


19 


81 


63 


A3 


5% CHB, 2% t-AB 


12 


70 


58 


A4 


6% CHB, 2% t-AB 


12 


73 


50 


A 5 


1% CHB, 0.5% t-AB 


13 


75 


60 


A6 


1% CHB, 10% t-AB 


14 


71 


61 


A7 


1% CHB, 12% t-AB 


12 


72 


53 




1% CHB 2% t-AB 1% VC 


14 


73 


82 


A9 


0.5% CHB, 2% t-AB, 1% 
VC 


18 


82 


84 


A 10 


5% CHB, 2% t-AB, 1% VC 


13 


72 


80 


All 


6% CHB, 2% t-AB, 1% VC 


12 


72 


70 


A 12 


1% CHB, 0.5% t-AB, 1% 
VC 


14 


75 


82 


A 13 


1% CHB, 10% t-AB, 1% 
VC 


13 


72 


81 


A 14 


1% CHB, 11% t-AB, 1% 
VC 


13 


72 


72 


XI 


No Additives 


35 


Abnormality 


62 


X2 


1% CHB 


27 


Abnormality 


54 


X3 


2% CHB 


14 


73 


45 


X4 


2% t-AB 


35 


Abnormality 


61 


X5 


5% t-AB 


35 


Abnormality 


60 


X6 


2% cumene 


18 


83 


36 


X7 


2% trimellitic ester 


20 


85 


21 


X8 


1% VC 


36 


Abnormality 


77 



CHB" cyclohexylbenzene (cycloalkylbenzene derivative) 



t-AB- tert amylbenzene (alkylbenzene derivative having a quaternary carbon directly 
bonded to the benzene ring) 
5 VC : vinylene carbonate (unsaturated cyclic carbonate) 
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Where the cell temperature arose and smoking occurred, such a case is 
indicated as abnormality in Table 1. 

Table 1 shows that the inventive cells Al to A14, in which the 
cycloalkylbenzene derivative (CHB) and the alkylbenzene derivative having 
5 a quaternary carbon directly bonded to the benzene ring (t-AB) are added, 
realize high temperature cycle characteristics of 50% or higher and the 
effect of preventing overcharge (a current cutting time of 19 minutes or less 
and a highest temperature of 82°C or lower). 

This can be explained as follows. In the cycloalkylbenzene derivative, 

10 a hydrogen atom bonded to a carbon (a carbon directly bonded to the 
benzene ring) in the cycloalkyl group has high reactivity, and as such this 
hydrogen is easy to be pulled out at the time of overcharge. Thus, at the 
time of overcharge the cycloalkylbenzene derivative is rapidly decomposed 
at the negative electrode to generate a hydrogen gas, and the 

15 cycloalkylbenzene derivative itself polymerizes to form a stable film on the 
negative electrode surface. This film has high electrical resistance and 
thus restricts overcharge. In a cell provided with a current-cutting device, 
the hydrogen gas generated by the decomposition of the cycloalkylbenzene 
derivative increases internal cell pressure, thereby increasing the reactivity 

20 of the current-cutting device. Further, the alkylbenzene derivative having 
a quaternary carbon directly bonded to the benzene ring is adsorbed on the 
negative electrode surface to form a film so that the cycloalkylbenzene 
derivative would not come in direct contact with the negative electrode. 
This restricts the decomposition of the cycloalkylbenzene derivative under a 

25 high temperature, thereby preventing the deterioration of high temperature 
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cycle characteristics. As a result, good cycle characteristics and the effect 
of preventing overcharge are obtained. 

The cell A8, in which the unsaturated cyclic carbonate (VC) is added, is 
superior in high temperature cycle characteristics to the cell Al without VC 
5 added therein. This is because the unsaturated cyclic carbonate has an 
adsorption portion different from that of the alkylbenzene derivative having 
a quaternary carbon directly bonded to the benzene ring (the alkylbenzene 
derivative having a quaternary carbon directly bonded to the benzene ring 
being mainly adsorbed on the basal surface of the carbon, and the 

10 unsaturated cyclic carbonate being mainly adsorbed on the edge surface of 
the carbon). This causes the film to be formed more efficiently, thereby 
preventing the cycloalkylbenzene derivative from making contact with the 
negative electrode and from being decomposed. 

The cell XI, in which no additives were added, the cells X4 and X5, in 

15 which only the alkylbenzene derivative having a quaternary carbon directly 
bonded to the benzene ring was added, and the cell X8, in which only the 
unsaturated cyclic carbonate was added, had abnormality such as smoking. 
This is presumably because sufficient prevention of overcharge is impossible 
without additives, and because the alkylbenzene derivative having a 

20 quaternary carbon directly bonded to the benzene ring and the unsaturated 
cyclic carbonate have virtually no effectiveness in preventing overcharge. 

The cells X2 and X3, in which only the cycloalkylbenzene derivative 
was added, the cell X6, in which only the cumene (alkylbenzene derivative 
having a tertiary carbon directly bonded to the benzene ring) was added, 

25 and the cell X7, in which only the trimellitic ester (benzene derivative in 
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which the quaternary carbon directly bonded to the benzene ring is a 
carboxyl carbon) was added, had high-temperature cycle characteristics of 
54%, which is lower than 62% for the cell XI without additives added 
therein. This is presumably because the cycloalkylbenzene derivative, the 
5 alkylbenzene derivative having a tertiary carbon directly bonded to the 
benzene ring, and the benzene derivative in which the quaternary carbon 
directly bonded to the benzene ring is a carboxyl carbon are decomposed 
under a high temperature to form a highly resistive film on the negative 
electrode. 

10 The results of the cells Al to A4 and A8 to All show that when the 

cycloalkylbenzene derivative is contained in the non-aqueous solvent at a 
ratio of 0.5 to 5 parts by mass per 100 parts by mass of the non aqueous 
solvent excellent cell characteristics are obtained; specifically, the high 
temperature cycle characteristics is 58% or higher in the cells without the 

15 unsaturated cyclic carbonate added therein and the high temperature cycle 
characteristics is 80% or higher in the cells with the unsaturated cyclic 
carbonate added therein. Thus, the amount of the cycloalkylbenzene 
derivative added is preferably controlled within the above-described range. 
The results of the cells Al, A5 to A8, and A12 to A14 show that when 

20 the alkylbenzene derivative having a quaternary carbon directly bonded to 
the benzene ring is contained in the non-aqueous solvent at a ratio of 0.5 to 
10 parts by mass per 100 parts by mass of the non-aqueous solvent excellent 
cell characteristics are obtained; specifically, the high temperature cycle 
characteristics is 58% or higher in the cells without the unsaturated cyclic 

25 carbonate added therein and the high temperature cycle characteristics is 
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80% or higher in the cells with the unsaturated cyclic carbonate added 
therein. Thus, the added amount of the alkylbenzene derivative having a 
quaternary carbon directly bonded to the benzene ring is preferably 
controlled within the above-described range. 
5 While in the above Examples cylindrical cells were prepared, the 

present invention is not limited to such a shape; the invention can also be 
applied to cells of various shapes such as coin-shaped cells, square-shaped 
cells, and laminate cells. It is also possible to apply the present invention 
to gel non aqueous electrolyte secondary cells using a polymer electrolyte. 

10 While in the above Examples cells having the current-cutting device 

were prepared, the present invention can also be applied to cells not 
provided with the current-cutting device. In this case, the 
cycloalkylbenzene derivative is decomposed at the time of overcharge to 
form a highly resistive film and generates a hydrogen gas to increase 

15 internal resistance, thereby preventing overcharge. 

While in the above Examples cells using cyclohexylbenzene as the 
cycloalkylbenzene derivative and using tert-amylbenzene as the 
alkylbenzene derivative having a quaternary carbon directly bonded to the 
benzene ring were used, the present invention is not limited to the above 

20 compounds. For instance, a cell using cyclopentylbenzene as the 
cycloalkylbenzene derivative and using tertbutylbenzene as the 
alkylbenzene derivative having a quaternary carbon directly bonded to the 
benzene ring can also realize good high temperature cycle characteristics 
and safety such that no abnormality occurs at the time of overcharge. 

25 Further, while vinylene carbonate was used as the unsaturated cyclic 
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carbonate, the present invention is not limited to this compound. For 
instance, a cell using methyl vinylene carbonate or the like also can realize 
good high temperature cycle characteristics and safety such that no 
abnormality occurs at the time of overcharge. 

5 

INDUSTRIAL APPLICABILITY 
As has been described above, the non-aqueous electrolyte secondary 
cell according to the present invention is excellent in high temperature cycle 
characteristics and in safety such that no abnormality occurs at the time of 
10 overcharge. Thus, the industrial applicability of the present invention is 
considerable. 



